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ABSTRACT
THE EFFECT OF A MATERNAL LACTO-OVO-VEGETARIAN
DIET ON THE INFANTS PLASMA CHOLESTEROL CONCENTRATION
by Laura Munson Ball
A comparison of plasma cholesterol concentrations was
made between breast-fed infants having lacto-ovo-vegetarian
mothers, breast-fed infants having non-vegetarian mothers
and infants fed with commercially prepared formula. At one
(n=20) withmonth of breast-fed infantstheage ,
nonvegetarian mothers comprised the group with the greatest
average plasma cholesterol concentration. As expected, the
(n=9)plasma cholesterol of the formula-fed group was
significantly less, (p<0.05)* The breast-fed infants (N=9)
with vegetarian mothers, however, held an intermediate
plasma cholesterol mean which not significantlywas
different from either of the other two groups. This is
unlike other studies which have always reported that breast 
feeding induced higher levels of cholesterol in the neonate
than commercial formula feeding. A possible explanation for
this finding was suggested from the results of the breast
milk fat analysis which indicated that the vegetarian women
produced milk which contained a higher proportion of 
linoleic acid. Comparisons of maternal and cord total 
plasma cholesterol and HDL-cholesterol did not produce any
differences between the groups and growth was observed to
progress normally for all three feeding groups, 
positive correlation (r=0.330) was detected between the
A slight
maternal protein intake and the infants plasma cholesterol 
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The age of preventive medicine has brought new
challenges to those working with young children. Medical
professionals have "begun to realize 
diseases are not necessarily a circumstance of aging, and
that degenerative
that some may in fact, be delayed or prevented by certain 
lifestyles. The role of the pediatric clinician is being
redefined by this movement to include more prophylactic
manipulation of disease processes which do not generally
manifest during childhood.
Many scientists believe that for some individuals,
atherosclerosis is among the conditions which fall into the
preventable disease category, 
influence of dietary practices on this disease, Conner et 
al. (1) examined a population where atherosclerosis occurs
infrequently. The results have shown that the people living 
in this community subsist on diets which are low in 
cholesterol and fat, especially animal fat, and have plasma 
cholesterol concentrations which are lower than the expected 
values from populations prone to atherosclerosis.
To learn more about the
On the premise that dietary fat and cholesterol could
affect the development of atherosclerosis, even infant
feeding practices have not escaped scrutiny. To some this
seems excessive since the pathogenesis of the athero-
1
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sclerotic lesion is still unknown. There is also a real
fear that altering traditional infant feeding practices
could bring unexpected consequences. However, this should 
not deter critical thinking of the issue, because as one 
investigator in the field has observed, (McGill, 2) almost
every person over the age of 3 years old has some degree of 
atherosclerosis, and therefore prevention must begin early
in life.
Three types of infant feeding practices have received
the most attention in the literature: cows milk formula
bottle-feeding, commercially prepared formula bottle- 
feeding, and breast-feeding. Each of the three methods
provides a unique quantity and composition of lipids, and 
each may affect the development of atherosclerosis 
differently.
Human milk is of special interest due to both the wide 
return to popularity of breast feeding, especially among the 
middle-class of the United States, and because its fat
component is variable. A discussion of this variability 
will be attempted before comparing the effect of each 
feeding practice on one generally accepted atherosclerotic
risk factor, the cholesterol concentration of the blood.
3
Breast Milk Fat Content
and Composition
Fat is the main source of calories for the infant
A comparision of the 
nutrient energy contribution in human milk is summarized in
nourished on breast milk alone.
table 1.







Macey et al. (3)•From:
Total Fat Content
For the past two decades, the dominant figure which has 
prescribed the average total fat content of mature human 
milk is 3*8 gms./lOOml. 
compilation of published data prepared for the National 
Research Council by Macey et al.
publication (4), she cited the minimum fat content as 1.34
8.29 gms./100ml. 
breast may produce milk which is dissimilar in total fat 
content even during the same feeding, as noted by Insull and 
Ahrens (5), although in another study, Insull et al. 
believed this occurred less frequently after lactation had
This value was deduced from a
(3). In an earlier




Total milk fat production was found by Insull et al. 
(6) to be 24 to 30 grams a day in one woman. There is a
rise in the quantity of lipid secreted throughout the 
feeding period which Hall (7), considers an appetite control
mechanism for the infant.
It is unclear how the maternal diet affects the total
output of milk fat. Insull et al. (6) saw no statistical
changes in milk fat production on high calorie, high fat
experimental diets, or low calorie, low fat experimental
diets. Interestingly, the effect ofeven severe
malnutrition on the fat content of human milk has not been
clearly defined. A study of poorly nourished, disadvantaged 
women in Pakistan by Linblad and Rahimtoola (8), assessed 
the daily milk volume to be less than what is expected of a 
well-nourished population but the concentration of fat
remained within normal levels.
In a review of the literature regarding this matter, 
Jelliffe and Jelliffe (9) stated that the results from
studies of the fat content of milk produced by malnourished 
women in different populations vary greatly. It can be 
easily recognized though, that the potential exists for 
extremely devastating results to the infant if 
malnourished woman experienced both a decrease in the volume
a
of milk and the milk fat concentration.
5
Fat Composition
Although difficulties persist in the ability to predict
the level of fat that exists in a woman's breast milk from
her dietary intake, many researchers have noted changes in
the fatty acid composition which did seem to be related to
(6) dietarily inducedfood consumption. Insull et al.
alterations in the fatty acid pattern of one woman's milk
without affecting the quantity of milk produced or the total
milk fat By consuming a liquid formula with 70content.
percent of the total calories supplied by corn oil, the
subject's milk increased in linoleic acid content four fold
above the amount seen on an ad libitum diet. When she was
subjected to a low fat, high carbohydrate diet, large
increases were noted in the proportion of myristic acid and
lauric acid, possibly representing the end products of
mammary fat synthesis.
In a comparison of different ethnic groups living in
(10) concluded that on adifferent regions, Read et al.
relatively low level of carbohydrate, the linoleic acid
present in the milk reflects the amount occurring in the
diet. This factor loses importance, they believed, when the 
carbohydrate component of the diet is increased to the level 
where more fatty acids are being synthesized by the mammary 
gland than taken out of the general circulation. In the 
ethnic group the authors judged to be consuming the greatest 
amount of carbohydrate, (75$ of Kcal.), and the least fat,
6
(7$ of Kcal., mostly vegetable fat), more myristic and 
lauric acid appeared in the milk.
Potter and Nested (11) examined the changes which occur 
in milk fatty acid composition when the mother’s diet was
altered from high cholesterol and mostly saturated fat to
low cholesterol and mostly polyunsaturated fat with no other
dietary factors controlled. They found significant changes
in the fatty acid patterns on the two diets, especially a
dramatic increase in the percentage of linoleic acid on the
unsaturated fat, low cholesterol diet. The observation was
made that the milk fatty acid pattern the highon
cholesterol and saturated fat diet was strikingly similar to 
the fatty acid composition detected in milk fat from mothers 
on ad libitum diets by Insull and Ahrens (5)*
Mellies et al. (12) recorded results that were in
agreement with the aforementioned study. A polyunsaturate
rich, low cholesterol diet produced twice as much linoleic
acid in the breast milk as a saturated fat, high cholesterol
diet, and there was a concomitant decrease in the levels of
stearic, palmitic and myristic fatty acids.
Compared to the results of breast milk analyses done in
(13)the 1950's, G-uthrie et al. observed that the
proportion of linoleic acid in the milk from women on ad
libitum diets in the 1970's, was twice as great as the 
earlier studies had indicated. This they proposed, 
reflected the changes which have been occurring in the kind
7
(3)of fat typically found in American diets. Macey et al. 
had reported linoleic acid as 7»8 percent of fatty acids in 
1953, whereas G-utherie et al. (13) reported 14*4 percent.
Vegetarianism has also been associated with an increase 
in the amount of polyunsaturated fatty acids in the breast 
milk. A group of British total vegetarians were observed by
(14) to have a larger total quantity ofSanders et al.
milk thanlinoleic acid and linolenic acid in their breast
omnivore controls.
Not only the kind of diet, but the quantity of food
seems to affect the milk fatty acids. Insull et al. (6)
also determined that the fatty acid composition of human
resembled those of the diet only during energymilk
equilibrium. When the caloric intake was restricted below
expenditure, forcing adipose tissue to be drawn upon for
energy, fatty acids similar to the woman’s depot fat were
found in her breast milk.
There appears to be no question that the maternal diet
does affect the type if not the total quantity of the fatty
acids comprising the nursing infant’s diet.
Milk Cholesterol
Recurrently in text books and other publications, the 
total cholesterol in human milk is cited as 20 mg/dl. This
(3) from cummulativefigure was deduced by Macey et al.
data published in the first half of the century. There is
8
some evidence however, that this value is not applicable 
today. Picciano et al. (15) observed the average 
cholesterol content to be 40 percent less than the 20 mg/dl.
reference value, and suggested that the changing American
diet was a likely causative factor.
An attempt was made to define the relationship between 
dietary fat and milk cholesterol by Mellies et al.
In this study of nursing mothers subjected to successive
(16).
test diets that either high cholesterol and mostlywere
saturated fat or low cholesterol and mostly polyunsaturated
fat, no correlation could be seen between the diet and the
amount of cholesterol in the milk. The high cholesterol, 
saturated fat diet did result in increased maternal plasma 
cholesterol, but apparently that had no effect on the breast
milk cholesterol. Their conclusion was that maternal diet
not directly related to the milk cholesterolwas
concentration.
Analogously, Potter and Nestle (11) could not detect a 
milk cholesterol response to maternal diet, nor to maternal 
plasma cholesterol and suggested that control mechanisms 
such as adjusting the rate of cholesterogenesis in the
mammary gland may keep the milk cholesterol constant. Tsang
(18) haveet al. shown however, that when plasma
cholesterol levels are two to three times normal, as was the
for one woman suffering from familial hyper­case
cholesterolemia, considerable cholesterol enrichment of the
9
With the exception of this particular 
disease, no other factors are known to alter the cholesterol 
content of human milk, which has "been characterized hy 
Mellies et al. (17) as a remarkably constant factor through
milk does occur.
at least the first 12 months of lactation.
dependent features have beenIn summary,
recognized in the relationship of diet during lactation to 
the fatty acid constituency of human milk. The same can not 
be said however, for the relationship of dietary cholesterol
some




theThe umbilical cord is the structure which connects
fetus to the placenta. Through its passageways fetal blood
travels to and from the placenta, and its contents are
thought to be representative of the neonate's blood at the
time of birth. With the ease at which it can be collected
an obvious factor, frequent studies have measured the lipid
In fact, Rafstedt (19) reviewedoccurring in this vessel.
15 such studies of cord blood lipid analyses published
The reported meanbetween the years of 1912 and 1955*
concentration of cholesterol varied greatly in the early
studies and since methodologies have changed, they are of
restricted value today.
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(20),In rhesus monkeys, Pitkin, Connor and Lin
determined that 42.6 percent of fetal serum cholesterol
originated from the maternal blood flow. Yet, investigators 
have encountered a lack of successs in uncovering ethnic or
dietary factors which can be associated with difference in
the cholesterol concentration of cord blood, even if those
factors are known to affect adult levels of cholesterol.
For example, Bersohn and Wayburne (21) compared the serum 
cholesterol of African and European women and their
neonates. The food habits of these two groups were said to 
vary greatly in consumption of protein, carbohydrate, fat 
and fiber, with the Africans consuming more carbohydrate and 
less fat than the Europeans. While the serum cholesterol
concentration was shown to be significantly greater in the
European mothers, the cord blood cholesterol from the
neonates of the two groups was statistically the same. A
similar study comparing newborns from New Guinea and 
Australia (22) found no discernible differences between the
two groups in cord blood cholesterol despite known
differences in food consumption patterns.
Eliminating the possible racial influence, Mendez et 
al. (23) looked at maternal and infant cholesterol values 
of subjects from the same community but at opposite ends of 
the economic ladder. The individuals representing the lower 
socioeconomic group, reported eating less animal protein and 
saturated fat than the upper income group during the
11
gestational period, but that apparently had no affect on the
newborn's cord serum cholesterol. They did note a sexual
difference. The female infants had a higher concentration
butof cord cholesterol than the males in both groups,
neither economic group nor sex demonstrated a relationship
with the mother’s serum cholesterol.
In a more recent investigation by Jagannathan (24), no
statistical variances in cord blood cholesterol were
associated with being born to a high or low income group
from India.
Results of Cord Blood Cholesterol Studies.Table 2.
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(25),A frequently cited study by G-lueck et al.
defined the mean and range of umbilical cord blood
cholesterol in 1800 consecutive, unselected live births, in
a large American hospital, 
obtained of 63*8 mg/dl. with a range of 20 to 196 mg/dl.
A mean cord cholesterol was
Those values were congruent with data reported earlier.
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Studies in other countries have produced similar, hut
Table 2 summarizes the more recentslightly higher means.
studies.
No statistical differences were detected between white
and black infants in G-lueck's study (25)« That information
other previously mentionedin combination with the
observations suggests the average amount of blood
cholesterol a normal neonate begins life with is universal. 
However, new evidence from the Bogulusa Heart Study (29) in
Louisiana points to whites having higher total cholesterol
values than blacks at birth among both males and females.
Whether this is an environmental or racial phenomenon is at
present unestablished.
Some scientists have attempted to determine other
factors which might share a dependent relationship to the
quantity of cord blood level ofcholesterol. The
triglycerides found in the cord blood was defined as
(30).independent of cord cholesterol Christensen
Mishkel (31 ) saw a strong correlation between the amount of
low density lipoprotein cholesterol and total cholesterol. 
Unlike what is sometimes reported in adults, Spellacy et al. 
(32), failed to find any correlation between the cord
cholesterol and the birth weight of the infant, nor the
placental weight. Since the birth process is a parti­
cularly stressful time, the effect of an overly eventful
delivery on cord blood cholesterol has received some
13
attention. Cress et al. (33) identified only one factor,
the incidence of post-term delivery which occurred more
frequently among hypercholesterolemic neonates than normal
They concluded that the possibility that aneonates.
stressful parturition may have an effect on cord cholesterol
values had not been disproven.
pediatricNumerous dialogues have appeared in
literature over the accuracy and dependability of diagnosing
hypercholesterolemia from umbilical cord cholesterol values.
(25) it was decidedProm the work done by G-lueck et al.
that a cord cholesterol value which fell two standard
deviations above the mean should be considered abnormal.
Under this somewhat arbitrary system, a neonate with a cord
1 00 mg/dl.cholesterol concentration over would be
considered hypercholesterolemic.
The possibility that cord cholesterol does not truly
represent genetic tendencies, and in fact, is merely a
transient state, has troubled researchers. Tsang et al.
(34) found only a "moderate" correlation between the cord
blood cholesterol concentration and subsequent cholesterol
concentration at one year of age. A closer association
occurred if the infant had received a low cholesterol, low
While Darmady et al. (27) detected a 
similar positive correlation which they described as "weak", 
this group believed cord blood cholesterol was not a good 
indicator of genetic tendencies toward hypercholesterolemia.
saturated fat diet.
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In their study of 302 births, 34 neonates had cord 
cholesterol values above 100 mg/dl. At the time of the one
year reexamination, none of the 34 neonates had serum
cholesterol concentrations above what they considered
elevated for that age, 240 mg/dl.
In a follow-up report on the 56 infants, G-lueck et al. 
(25) had diagnosed as hypercholesterolemic at birth, Tsang 
(34) determined that 17 infants continued 
demonstrate elevated plasma cholesterol values at one year 
of age. In a similar study, Potter and Nested (28) found a
et al. to
weak positive correlation between umbilical cord blood
cholesterol and subsequent measures of plasma cholesterol.
Of the 230 infants they included, seven were judged to be
hypercholesterolemic at birth, but none of the seven fell
into that category at 20 to 22 months of age. Their
conclusion was that cord blood cholesterol is not a good
indicator of cholesterol concentration later in life.
(35) had slightly more congruency at theG-reten et al. one
year reexamination of infants previously assessed to be 
hypercholesterolemic . They determined that 92 neonates out 
of 1323 tested had cord cholesterol values above 100 mg/dl. 
At the one year cholesterol determination, 1/8th of the 92
hypercholesterolemic individuals still held elevated
cholesterol values.
G-oldstein et al. (36) looked at the family medical
history of those falling into the 95th percentile of cord
15
blood cholesterol values. Of the 125 individuals in that
category, only five were judged to have a family ancestry
compatible with familial hypercholesterolemia. Their
conclusion was that in some cases, an elevated cord blood
cholesterol is indicative of familial hypercholesterolemia.
It remains to be shown whether most individuals at risk
of developing coronary heart disease or atherosclerosis can
be identified at birth. Addressing this subject in a recent 
commentary, G-lueck (57) emphasized the necessity of basing
any diagnosis multiple tests before initiatingon
interventions.
HDL-Cholesterol in Cord Blood
Cholesterol is carried through the blood in conjunction
high density lipoprotein 
(alpha), low density lipoprotein (beta), or very low density 
lipoprotein (pre-beta). According to investigators involved 
with the Framington study, (Cordon et al. 58) the larger 
the amount of high density lipoprotein-cholesterol (HDL), 
the lower the risk of developing coronary heart disease. 
Although a thorough review of the subject will not be 
attempted here, it is pertinent to note that in populations 
where total cholesterol values are low, (Conner et al.
with three major lipoproteins:
D,
HDL-cholesterol concentrations are also low. It is now
assumed that the amount of HDL-cholesterol is not as
important as the ratio of total cholesterol to
16
HDL-cholesterol. The larger the proportion of the total
cholesterol in the HDL fraction, the less the risk of
developing coronary heart disease.
During gestation, the proportion of cholesterol in the
HDL fraction decreases although the amount 
cholesterol is relatively constant. G-illett et al.
of HDL-
(39)
compared the plasma cholesterol concentration and HDL-
cholesterol concentration of pregnant and non-pregnant women 
in Brazil. There was a significant increase in the total 
cholesterol values (from 166 mg/dl to 253 nig/dl) during the
third trimester of pregnancy, while the HDL-cholesterol did 
not increase significantly (46 mg/dl to 48 mg/dl). This
caused the proportion of cholesterol in the HDL fraction to
drop significantly (from 0.28 to 0.20). The authors
surmised that repeated pregnancies may increase the risk of 
developing atherosclerosis later in life.
Perinatal researchers have investigated the
contribution of HDL-cholesterol to the total cholesterol
concentration of umbilical cord blood, and have discovered
that the proportion of HDL-cholesterol is greater at birth 
than quite possibly any other time in life.
G-lueck et al. (25) reported in their evaluation of
cord plasma from 596 births an alpha 
concentration of 31•5 mg/l00ml. Using an electrophoretic
lipoprotein
(40) noted that high densitytechnique, Cress et al.
lipoproteins accounted for 53 percent of the lipoproteins in
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cord blood. The ninetieth percentile of cord
HDL-cholesterol concentration or 50 mg/dl, was suggested by 
G-lueck et al. (41 ) as an arbitrary cut-off of expected 
values. Any value above 50 mg/dl should be considered
representative of hyperalphalipoproteinemia.
The data of G-insburg and Zetterstrom (42) did not
indicate a difference between the HDL concentration of cord
blood and that of the peripheral vein within thirty hours
after delivery. This group also concluded that the alpha 
lipoprotein (HDL) made up about fifty percent of the
lipoprotein
Preterm infants, (<33 weeks) had a lower concentration of
pattern of cord blood from term infants.
total cholesterol, and the HDL fraction comprised only 10 to 
15 percent of the lipoprotein pattern.
(43) speculated that in neonates the low 
density lipoproteins and high density lipoproteins are under
Glueck et al.
independent metabolic control. The support offered for this
idea came from data on 117 unselected births which indicated
no significant correlation was obtainable between the
quantity of HDL-cholesterol and that of LDL-cholesterol.
Both of these two independent values were statistically
related to the total plasma cholesterol concentration, 
(HDL-cholesterol r=0.63,to total cholesterol
LDL-cholesterol to total cholesterol r=0.76). A significant
relationship was not observed between total plasma
( r=0.22 )cholesterol and HDL-cholesterol hyper­in
18
alphaiipoproteinemic newborns, but in hypobetalipopro- 
teinemic neonates the relationship is quite close (r=0.98).
In an attempt to delineate inherent racial differences, 
Glueck et al. (44) compared the total cholesterol and
concentration of cord bloods of blackHDL-cholesterol
The means of the two racialinfants to white infants.
groups were not significantly different, even when broken
Again, the HDL-cholesterol was found todown by sex.
totalrepresent approximately fifty percent of the
cholesterol. The authors surmised since racialthat
differences in cord HDL were not apparent at birth, any
later differences concentrations maybe onlyHDLin
attributable to environmental factors.
The Bogalusa Heart Study (29) again provided 
contradictory evidence which indicated that white infants at 
birth tend to have higher serum levels of HDL than blacks.
Interestingly, the opposite was found to be true in the
school-age populations. It has yet to be elucidated whether
this phenomenon is attributable to racial or environmental
causes.
A benefit from studying cord blood lipoproteins and
(45), is thatcholesterol, according to Glueck et al.
identified at birth,hyperalphalipoproteinemia can be
facilitating the possibility of longitudinal evaluation. By
studying the incidence of vascular and other types of
disease among individuals with this condition, the function
19
of the high density lipoprotein may be more clearly
understood.
Cholesterol Response to Diet During
First Year of Life
It has been recognized for at least two decades now
that by changing the source of fat in an infant’s diet, one
can produce significantly different concentrations of
cholesterol in the infant’s blood. Early studies primarily
compared human milk, or bovine milk to formulas with
different kinds of vegetable oils as the source of fat.
(46) includedA preliminary study by Pomeranze et al.
only three infants hospitalized for an extended period of 
time (over sixteen weeks). These infants received an
alternating diet of evaporated milk formula for several
weeks, then several weeks of evaporated milk formula with
added corn oil. It was noted that the infant's serum
cholesterol concentrations were lower during the weeks the
diet included corn oil. The authors projected that human
milk feeding would resemble the corn oil formula in terms of 
effect on serum cholesterol, since the fatty acid component
of human milk lipid was known to contain more unsaturated
fatty acids than cow’s milk.
(47)To investigate this possibility, Foman et al. 
compared the outcome of feeding human milk or formulas with
various sources of fat on infant’s cholesterol values during
20
the first six months of life. Human milk-fed infants failed
to demonstrate a lesser serum cholesterol concentration, and
actually comprised the group with the highest mean serum
cholesterol. Soya formula produced the group of infants
with the lowest mean serum cholesterol, and that value was
highly significantly less than the breast-fed group mean.
The infants receiving cow’s milk formula also demonstrated a
significantly greater mean serum cholesterol concentration
than the soya formula group, even though it was less, though 
not significantly less, than the breast-fed group. These
researchers also found that when mixtures of corn and
coconut oils contributed the lipid to the infant's formula,
intermediate levels of cholesterol were noted.
Lindquist and Malcrona (48) studying the response of 
serum cholesterol to diet during the neonatal period,
noticed an immediate rise in serum cholesterol over the
first few days after birth irrespective of the infant's
diet. They too found that human milk fat elevated serum
cholesterol more than formula containing corn oil as the
source of fat, and in a similar manner to the butterfat in
the cow’s milk formula.
G-oalwin and Pomeranze (49) had continued to investigate 
their original assumption that human milk would not elevate
cholesterol as greatly as cow’s milk. In an experimental
design generally equivalent to the previouslyones
mentioned, it was demonstrated again that breast-fed and
21
cow's milk formula-fed infants held higher group means of
cholesterol than groups receiving prepared milk 
formulas with a polyunsaturated vegetable oil as the source
serum
of fat. In addition, the authors concluded that
supplementing the infant's diet at twelve weeks of age with
cereal, meat and other dairy products caused no additional
cholesterol increase in the bovine and human milk groups,
but did cause an elevation in the vegetable oil formula-fed
group. The introduction of solid foods obscurred the
differences originally seen between those groups after four 
weeks of feeding.
Woodruff and Coniglio (50) found that among breast-fed 
infants, females had greater serum cholesterol values than 
males, but there were no sex differences among evaporated
However, Friedman and Goldberg (51) 
failed to find a difference between the two sexes at any
milk-fed infants.
age, although they did not group the participants according 
to feeding.
Conclusions drawn from more recent studies have shown
’ little discordance with those presented in earlier
publications. As had been typically seen, the breast-fed 
infants examined by Darmady et al. (27), demonstrated the
highest mean serum cholesterol values at six weeks of age 
cow's milk formula-fed group not significantly 
different and the commercially prepared formula-fed group 
significantly less than either of those two groups. This
with the
22
research team also noted an inverse relationship between the 
ratio of polyunsaturated fatty acids to saturated fatty 
acids (P/S Ratio) in the infant's diet and the level of
total serum cholesterol. Both of these relationships were
not apparent in the childhood age groups studied. An
(52) concurred
with those results, finding at six to ten months of age a
investigation conducted by Anderson et al.
direct association between the level of saturated fat in the
diet and total serum cholesterol and an inverse relationship 
between the P/S ratio of the diet and total cholesterol.
Nestel et al. (53) measured differences between
indices of cholesterol metabolism among ten infants
subjected to both a low cholesterol, low saturated fat diet, 
represented by soybean milk formula and then 
cholesterol, more saturated fat diet composed of cow's milk 
formula. All of the infants demonstrated an increase in
higha
serum cholesterol during the cow's milk feeding. The mean 
of the increase in cholesterol for the group was close to
the predicted mean increase derived from studies of adults
challenged by similar changes in diet. Bile acid excretion 
was greater on the soybean formula for the majority of the 
infants. The difference between the total sterol output and 
the estimated intake, or net sterol balance, was reduced for 
most of the infants on the high cholesterol, high saturated 
fat diet, implying decreased endogenus 
synthesis. The authors concluded that there appeared to be
cholesterol
23
no reason to assume that cholesterol metabolism during the 
first year of life differed greatly from adult cholesterol
metabolism.
Infant’s Serum Cholesterol Response
to Maternal Diet
Carroll and Hamilton (54) have shown that it is
typical for mammals to experience elevated 
cholesterol values during the suckling period. There is a
plasma
suggestion in the literature however, that it may be
possible to decrease the cholesterol rise which the
breast-fed infant normally experiences, by altering the kind
of fat in the mother's diet. As previously mentioned,
breast milk from women in Western Societies on ad libitum
diets has been found to have fatty acid patterns which are
not unlike those found in breast milk from women on mostly
saturated fat diets in a controlled setting. The evidence 
indicates that by limiting the saturated fats and increasing 
the polyunsaturated fats in the mother's diet, a less
hypercholesterolemic fat will be found in the milk and thus
received by the infant.
A possible foundation for this belief was offered in a
study by Potter and Nested (11) of lactating women on fat 
manipulated diets. Eight of the mothers allowed their
infant's plasma cholesterol to be monitored during the 
different diet periods. A significant drop occurred in the
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infant's plasma cholesterol after the mothers had consumed a 
high P/S ratio diet for three weeks, with the average 
decrease from 185 mg/dl to 157 mg/dl.
Using the same type of fat manipulated maternal diets,
but with a larger sample size of 14 infants and four week
(16) coulddiet periods instead of three, Mellies et al.
not find a significant difference in the infant’s plasma
cholesterol. While there not statisticallywas a
significant change, the infant’s cholesterol did average 10 
mg/dl. less after their mothers had completed four weeks on 
the high P/S ratio diet.
Even though the interpretations from the afore­
mentioned investigations were contradictory, gooda
theoretical case can be made in support of Potter and
Nestel's results. Recent studies by Bronsgeest-Schoute et 
(55,56) have suggested that in terms of the effect onal.
serum cholesterol, consuming cholesterol in conjunction with 
a mostly saturated fat diet may be more detrimental than
consuming cholesterol with a linoleic acid-rich diet. There
is no reason to believe that this is not a possibility for
It might be the only way to ease the 
hypercholesterolemic effect of breast-feeding
infants also.
since no
correlation has ever been found between the breast milk
cholesterol and the infant's blood cholesterol, (17)*
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Effect of the Alteration of Dietary
Lipid on Development
The purpose of the substantial amount of cholesterol in
human milk has remained a mystery to those studying infant
nutrition. It has been theorized that the newborn needs
more cholesterol than it is able to synthesize for normal
development of the brain and nervous system. The myelin
sheaths encasing the nerve cells contain cholesterol for
insulation that once acquired during the development of the
central nervous system, remain there almostcan
indefinitely, as was observed in rabbits by Davison et al. 
(57)* Although these researchers have also shown that
exogenous cholesterol can be successfully incorporated into 
brain tissue, a question still remains regarding the
importance of the dietary contribution of cholesterol. 
Morris and Chaikoff (58) fed pregnant rats labeled
cholesterol for seven days before and 20 days after 
parturition. The brains of the pups were then analysed and
it was determined that none of the labeled cholesterol had
been incorporated into the brain tissue, although it had
reached the liver.
Human studies of growth and development on limited
cholesterol diets have not proven that any deleterious
effects will result from a low cholesterol intake. G-oldberg 
(59) determined that 3 year old children raised since birth
on a low saturated fat, low cholesterol diet, were not
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different than children raised on a typical American diet in 
terms of growth, weight gain, number of illnesses, 
hemoglobin, or number of failures on a Denver Developmental
test.
During the early seventies, animal studies were
conducted to determine if the relatively high level of
cholesterol found in mammalian breast milk encouraged the
development of enzyme systems to regulate cholesterol 
homeostasis. In 1971, Reiser (60) presented evidence that
swine suckled on high cholesterol feeds demonstrated lower
cholesterol concentrations in later life than those suckled
on low cholesterol feeds. The next year Reiser and Sidelman
(61 ) were able to demonstrate an inverse relationship
between the amount of cholesterol in a dam rat's milk and
the cholesterol concentration of the male weanling's blood
after several weeks on a high cholesterol diet. They
admitted that while the amount of cholesterol in the milk
may be an important factor, other constituents of the milk
could play an active role in the stimulation of metabolic
control mechanisms also.
In an experiment designed to compare the effect of 
early weaning to normal weaning, Hahn and Kirby (62) 
observed higher concentrations of blood cholesterol among 
prematurely weaned rats at 215 days of age.
Parallels were drawn by the researchers from the
results of the animal studies to the human baby. If it
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could "be proven that early exposure to high levels of
cholesterol improved an individual's ability to metabolize 
cholesterol, preventive therapies for at-risk children would
contraindicate low cholesterol formulas.
G-lueck, et al. (63) compared infants who had received
either a moderate cholesterol intake on evaporated milk
formula or a low cholesterol intake on a skim milk,
vegetable oil formula. Hypercholesterolemic infants and
normal infants were considered, separately. Within each
group, the early diet did not seem to affect the subsequent
plasma cholesterol values, at 12 months of age.
In a non-longitudinal design, Friedman and Goldberg 
(64) compared the serum cholesterol values of children and
infants who were breast-fed bottle-fed withor one
particular type of commercially prepared formula for the 
first 4 to 6 months of life. No differences were detected
between the two groups at 18 to 24 months old or 15 to 19
years old, but as expected during infancy the bottle-fed
group demonstrated lower cholesterol values than the
breast-fed groups. A moderate dietary intake of cholesterol 
was a criterion for participation in this study.
Historical data has shed more doubt on the validity of
the early cholesterol exposure theories in the human
situation. Hodgson et al. (65) examined the cholesterol
values of 96 school children, 7-12 years old, for whom
detailed records had been kept on perinatal nutrition.
28
Three groups were selected for comparison, those that had
been breast-fed, cow’s milk formula-fed commercialor
formula-fed exclusively for the first 3 months of life. A
lower level of cholesterol was found in the group of school
children fed commercial formula during infancy. In a
similar study of 95 Danish children, by Anderson et al. 
(52), no correlation was found between the type or duration 
of neonatal feeding practice and the preschool age child’s
serum cholesterol.
While all of these authors concluded that
breast-feeding did not inhibit the subsequent rise of blood
cholesterol in later life, none sufficiently addressed the 
cholesterol challenge hypothesis by studying children or 
adults on high cholesterol diets. In every case the
children studied were all consuming, on the average, a very
moderate intake of cholesterol.
The results of studies involving laboratory animals 
have continued to spur this controversy. Hahn and Koldovsky 
(66) reported a difference between prematurely weaned and 
normally weaned female rats in their ability to withstand an 
atherogenic diet at 10 months of age. Male rats were not
affected by the treatment. The prematurely weaned rats were 
placed on one of two test diets before being advanced to the 
standard laboratory chow, a high carbohydrate, low fat diet 
or a high fat, no carbohydrate diet. Interestingly the fat 
chosen was a polyunsaturated vegetable oil, cottonseed oil.
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The prematurely weaned group which had received the high fat 
diet demonstrated the least sensitivity to the atherogenic
diet as adult rats. The authors speculated that in terms of
cholesterol metabolism, the consequence of the early infant 
feeding practice may not surface until the person 
middle-aged. These same authors (67) reported in a later
is
study a congruent finding of larger than normala
concentration of blood cholesterol in prematurely weaned
rats between 6 to 10 months of age, but they observed that 
difference rapidly disappeared after 48 hours ofthe
fasting.
(68) have completed some recent work whichLi et al.
indicates that the manipulation of cholesterol catabolism
early in life might indeed influence the subsequent response 
to dietary cholesterol. Cholestryamine was administered to 
guinea pigs during the neonatal period. Even after the 
treatment was discontinued, these guinea pigs continued to 
excrete more bile acids and sterols than a control group, 
and were more resistant to cholesterol challenge diets.
The outcome of exposure to dietary fat and cholesterol 
during the intrauterine period of development may also be 
important to the metabolic activity of enzymes associated 
with cholesterol metabolism. An investigation by Naseem et 
al. (69) concluded that rats subjected to a high fat, high 
cholesterol prenatal diet, and then challenged in adulthood 
with an atherogenic diet, displayed lower levels of
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(HMG—CoA3-hydroxy-3-methylglutaryl CoA reductase
reductase), than control groups. This occurred in the
experimental group with accompanying increases in
7-alpha-hydroxylase and microsomal cholesterol.
Adding more incongruity to this issue, which has been
marked with considerable controversy, Reiser's early
experiments were repeated producing inconsistent results
which seemed to refute his data. The work of Kris-Etherton
et al. (70), identified only transient differences in the
serum cholesterol of weanling rats suckled on various levels
of cholesterol. They concluded that the perinatal intakes 
of cholesterol itself was not a determining factor in the
subsequent response to a cholesterol challenge diet.
However, they did recognize in a separate experiment that
artificially reared rat pups were more sensitive to dietary
cholesterol than those suckled naturally and experienced
exaggerated increases of serum cholesterol on cholesterol
challenge diets.
The hypothesis that breast-fed infants will control
cholesterol homeostatis in a more beneficial manner later in
life has sustained considerable flailing, but it is not
altogether dead. Current information, though, does not
afford sufficient justification of the theory that the 
likely protective factor is the relatively large amount of
cholesterol found in human milk.
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Fatty Acids in Development
If infant formulas were indexed according to their 
fatty acid profile , it might he hard to place any two in the
G-ibson and Kneeborn (71 ) analysed the fatty 
acid distribution patterns of human milk, cow's milk and 20
same category.
kinds of frequently used infant formulas. There were
surprising dissimilarities between individual brands of
commercial formula, and even those advertised as "humanized"
failed to approach the fatty acid distribution pattern of 
the breast milk sampled. The authors questioned the
appropriateness of the large proportion of short to medium
chain fatty acids detected in some commercial formulas,
considering the low levels shown to occur in human milk.
Cow's milk as expected, was lower in the major essential
fatty acid, linoleic acid, but some ways, it might be
considered a better mimic of human milk fatty acids than
many of the commercial formulas.
The proportion of the various fatty acids which is
ideally suited to the infants needs has never been
established. It seems logical to assume that human milk
would provide the best model, but as previously discussed,
human milk fatty acids change rather dramatically with 
dietary intakes. The essential fatty acids linoleic and 
linolenic are of particular importance in this discussion. 
Three major long-chain polyunsaturated fatty acids occur in 
the grey matter of the brain. Two are derivatives of
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linoleic acid: arachidonic acid and docosatetraenoic acid,
and one is a derivative of linolenic acid: docosahexaenoic
acid. Studies by Ailing et al. (72) and Sinclair (73) have
identified a direct relationship between the dietary ratio
of linoleic to linolenic acid and the ratio of
docosapentaenoic to docosahexaenoic acids in brain 
glycerophospholipids of rats. Docospentaenoic acid (from 
linoleic acid) replaces docosahexaenoic acid (from linolenic 
acid) when the amount of linoleic acid present is so much 
greater than the amount of linolenic acid present, that the
enzymes systems involved become overwhelmed with linoleic
acid and can produce only its derivatives.
Sanders et al. (14) noted that vegans have a much
higher proportion of linoleic acid to linolenic acid in
their breast milk than omnivore controls, suggesting that 
the vegetarian infants will also have more docosapentaenoic 
acid incorporated into their brain glycerophospholipids. 
What effect, if any, this has on development is presently 
not known.
Linoleic acid is the primary essential fatty acid. 
Unlike linolenic acid, it is well recognized as critical to 
successful growth and development. Prenatal and postnatal 
deficiency results in retardation of brain development and 
profound reduction of some myelin specific lipids, as was 
observed by in mice by McKenna and Campagnov (74 )• The 
specific minimum requirement for linoleic acid during human
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infancy has been somewhat elusive to investigators, and the 
recommended optimal intake is admittedly arbitrary.
Hansen et al. (75) tried to induce essential fatty 
acid deficiency in young infants by feeding fat free diets 
and saturated fat diets which provided less than 0.1$ of
Kcal. as linoleic acid. They described the deficiency 
symptoms as disorders of the skin and unsatisfactory growth, 
concluding that 1.0$ of Kcal. as linoleic acid prevented
both biochemical and clinical evidence of deficiency. The
1.0$ of Kcal. mimimum intake has brought the use of cow’s
milk formula into question since it just meets the minimum 
with 1.5$ of Kcal. as linoleic acid. However, deficiency
symptoms were not found to occur among milkcow's
formula-fed infants in work completed by Naismith et al.
(76).
The oleic acid derivative, eicosatrienoic acid ,
increases when both linoleic and linolenic acids are lacking
in the diet. More eicosatrienoic acid was discovered in the
erythrocytes of cow's milk formula-fed than breast-fed
infants in work reported by Sanders and Naismith (77). The
ratio of eicosatrienoic:arachidonic acid was also greater
among cow’s milk formula-fed, although it remained below
what the authors considered a critical level. What
consequence this may incur upon the infant's growth or 
general health is also not established.
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Summary of Literature Review
Infants are nourished on a varity of diets, each
containing a unique composition of lipids. The most
commonly consumed are: human milk, cow’s milk formula, and
commercial formula. The first two have hyper-a
cholesterolemic effect on the infant hut the latter inhibits
elevation in cholesterol due to the low cholesterol content
and high proportion of unsaturated fatty acids.
Assuming that elevated blood cholesterol is an integral
part of the pathogenesis of atherosclerotic lesions, the
choice of breast-feeding for the infant who is suspected of 
being hypersensitive to dietary cholesterol could be 
questioned. However, it has been determined that the P/S
ratio of milk can be increased by dietary means. Both a
totally vegetarian diet and a low cholesterol, high
polyunsaturate mixed diet have produced breast milk with
greater amounts of linoleic acid, the fatty acid usually 
considered to have a hypocholesterolemic effect on the 
blood. One study discovered that altering milk fatty acids
in this manner resulted in reduced serum cholesterol for the
progeny, but another group of researchers was unable to
confirm that outcome.
The present study was initiated by the desire to know 
whether free-living, lacto-ovo-vegetarian women produce a 
less hypercholesterolemic breast milk than omnivore controls
and to compare the plasma cholesterol values of infants from
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those two groups to a commercial formula-fed group.
Anthropometric measurements such as length, weight and head
circumference were monitored to determine growth variances 
which might occur on the feeding regimens. An effort was
made to relate the infant's plasma cholesterol with the
maternal dietary intake, breast milk fat composition, and 
the infant’s weight gain.
MATERIALS AND METHODS
Experimental Design
Plasma cholesterol concentrations were determined at
birth, at one month of age and at six to eleven months of
age for infants who were nourished on breast milk and had
vegetarian mothers, or breast-fed and had nonvegetarian
mothers, or were nourished on commercially prepared formula
for at least the first 30 days after birth. HDL-cholesterol
determinations were performed at the time of birth.
Correlations were sought between infant's plasmathe
cholesterol concentration and maternal dietary intakes,
breast milk lipid composition, and developmentalsome
indicators.
Subj ects
The medical records of private and clinic obstetric
patients at Loma Linda University Medical Center were used
to initially identify candidates for the
criteria included only three factors: 
expected delivery date, (between July 1, 1979 and August 15, 
1979), the woman's age, ( 19 to 38 years old), and that the 
attending physician did not consider the pregnancy unusual
study. The
selection the
or in the high risk category. The prospective subjects were 
then contacted by phone and if they agreeable,were
appointments were made to discuss the project and the
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participant responsibilities. Informed consents were
obtained at that meeting which occurred generally 3 to 4 
weeks in advance of the birth, (Appendix A).
No financial compensation for the mother’s time or
travel could be offered. That circumstance and the nature
of the area, that of a largely student population, afforded
a less than perfect opportunity for follow-up of the
participants. There was a total of 53 women who originally
signed the informed consent form, of these 38 were seen at
the one month postpartum examination and of that group, 23
were seen for the 7 to 11 month reexamination. Not all of
the mothers, through their own 
participate in all areas of the project. Whatever data was 
obtained from the subjects was included in the final results 
with no data arbitrarily or selectively thrown out.
discretion, chose to
Dietary Information
All of the mothers were asked to keep a record of
everything they ate for three days sometime during the last 
four weeks of pregnancy. In addition, a nutritional history 
was taken using a food frequency questionnaire listing 96 
commonly consumed foods, (Appendix B). Calculations of the
nutrient content of the diets were derived from the food
values listed in Agriculture Handbook No.456, United States 
Department of Agriculture, plus product information needed 
to calculate certain vegetarian foods.
38
The breast feeding mothers were asked to repeat the
three day dietary record at one month postpartum,
immediately prior to the collection of breast milk samples.
No attempt was made to influence the mother’s choice of
infant feeding practice. Her choice was simply recorded
during a visit by the research team while still in the
hospital. At the one month examination general questions 
were asked the mother regarding the success of the feeding 
method she had chosen, and she was given a journal in which
to record the date new foods were added to her infant's
diet. A complete nutritional history of the infant's diet
was taken at the 7 to 11 month reexamination.
Collection of Plasma
The cord blood was obtained by the delivery team at 
Loma Linda Medical Center, placed in a vacutainer test tube 
containing EDTA and refrigerated for up to 24 hours on the 
hospital floor. The blood was then transferred to the
nutrition laboratory where the plasma was separated by 10 
minutes of centrifugation, pipeted into a clean test tube 
and frozen at -15°C until analysis. Occasionally, the
delivery team would overlook a patients name on the
participant list posted in the delivery room and neglect to 
obtain a cord blood sample specifically for the study. In 
those cases, the sample was retrieved from storage in the 
hospital blood bank, the only difference in the collection
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process being where the sample was stored during the up to
24 hours in the hospital.
The mother’s blood was collected by venipuncture before 
breakfast on the morning following delivery, assuming at
least a prior eight hour fast. The blood was processed
using the same procedure as used for the cord blood samples.
At the infant examinations at one month of age and at 7 
to 11 months of age, the infant's blood was obtained by heal
puncture and collected in heparinized capillary tubes.
During this procedure, all of the infants were held in an
upright position with their legs distended. The plasma was
immediately separated from the red blood cells
centrifugation and frozen.
Capillary blood samples are thought to provide slightly
lower indications of total cholesterol than venous blood
(80) found an 8.7$ differencesamples. Kupke et al.
between the two types of sample.
Cholesterol is stable for at least 6 months at -25°C, 
(81 ) and one source reports that it is stable for five years 
at -20°C, (82). The frozen samples were allowed to
equilibrate in the refrigerator overnight before analysis.
Analysis of Plasma Cholesterol
Principle
Plasma cholesterol was analysed using an enzymatic 
procedure available through Calbiochem-Behring Corporation.
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In this reaction sequence described by Allain et al, (83),
cholesterol esters are hydrolyzed by cholesterol ester
hydrolase to cholesterol and free fatty acids. The free
cholesterol is then oxidized by cholesterol oxidase to
cholest-4-en-3-one with production of hydrogen peroxide. 
The hydrogen peroxide oxidatively couples 
4-ajninoantipyrine and phenol in the presence of peroxidase 
to produce a chromogen with a maximum absorption at 500 nm. 
Reagents
with
The enzymatic cholesterol determination kit employs a 
single vial reagent method. All of the necessary enzymes 
are provided in one vial to which only distilled water is
added in preparation for use.
Procedure
The cholesterol content of the whole plasma and the
supernatant from the HDL extraction procedure were assayed 
in the following manner:
1 . Using a volumetric pipet, 2 ml. of the prepared
reagent was placed into a clean, dry cuvet with
a 1 cm. light path.
2. The cuvet was then placed into a Beckman spectro­
photometer with the temperature controlled compart­
ment at 57°C.
3. The reagent in the cuvet was allowed to equili­
brate at least 3 minutes until stable.
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4. The reagent absorbance was recorded , then 20 micro­
liters of plasma, (total cholesterol assay), or 
50 microliters of supernatant, (HDL-chol. assay), 
was added to the cuvet and gently inverted.
5. The final absorbance of the test was recorded
10 minutes after adding the sample.
All samples were analysed in duplicate.6.
Separation of HDL-Cholesterol
Principle
The HDL is separated in plasma from the other 
lipoproteins by using phosphotungstate and Mg++ to
precipitate the LDL and VLDL. The cholesterol in
combination with the HDL can then be measured enzymatically 
in the supernatant. The precipitation procedure utilized 
was adapted for clinical laboratory use by Lopes-Virella et 
al. (84) from the work of Burstein et al. (85)*
Reagents
A 4/^ (w/v) sodium phosphotungstate solution, and a 
2-molar solution of magnesium chloride were both prepared 
according to the procedure outlined by Calbiochem-Behring.
reagents were kept in a glass container at room 
temperature and discarded after 50 days.
The
Procedure
1 . In a conical centrifuge tube, 25 microliters of
magnesium chloride solution was combined with 100 micro-
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liters of phosphotungstate solution.
One milliliter of the subject's plasma was then added 
to the tube and vortexed for 15 seconds.
[The Calbiochem-Behring HDL extraction procedure 
specifies using serum, however, Lopes-Virella et al. 
(84) determined that either plasma or serum are 
acceptable for the reaction process.]
This solution was then placed in a bench centrifuge 
at room temperature and centrifuged for 45 minutes. 






A standard curve was prepared using the procedure with 
known cholesterol concentrations in 20 microliter samples 
and 50 microliter samples, (Appendix C and D).
Anthropometric Data
The anthropometric data was collected using standard
procedures. The infants were weighed without clothing on a 
bench-type scale. Length was determined while the infant
was in a reclining position measuring from head to toe.
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Statistical Methods
The association between two variables was measured with
the Pearson product moment correlation coefficient. The
difference between two populations was analysed using a two
sided student’s t-test. Populations variances were not
assumed to be equal.
RESULTS AND DISCUSSION
Dietary Intakes of Mothers
Analysis of the nutritional histories obtained from the
two study groups indicated that the lacto-ovo-vegetarians 
consumed less cholesterol (p<O.Ol), less saturated fat 
(p<0.05) and less sugar (p^O.Ol) than the nonvegetarian 
group, (Table 3)* The vegetarian study group ate 519 Kcal.
less per day , but due to the large standard deviation, it 
was not significantly less. The results suggested that the
omnivores were consuming twice as much cholesterol as the
vegetarians and interestingly, more than two times as much
sugar.
Table 3* Nutritional Assessment of Maternal Study G-roups
Vegetarians Nonvegetarians
(N=36)(N=9)
Mean S.D. Mean S.D.
Kcal
Cholesterol (mg)
Cholesterol (mg/lOO Kcal) 8.4
22.9
27612242 584 887
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Calculated from Food Frequency Questionnaire.
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Table 4« Average Prenatal Dietary Intake of Maternal 
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11.57.2
4.65.1
8.5 4.2 9-4 5.8
4.0 2.0 2.04-4
250 144 584 179










4-7 10 4-9 5.4
0.060.25 0.24 0.14
* p<0.05
** Values Calculated from U.S.D.A. Handbook No. 456 
"Nutritive Value of American Poods"
The differences in dietary consumption were not as 
evident in the calculations of the three day dietary records 
by the participants.
(Table 4), the vegetarians consumed 50.8$ of their Kcal. as 
fat compared to the nonvegetarian's comsumption of 55*6$ of 
their kilocalories as fat, (p4:0.05). The vegetarians also 
reported less protein in their diet records than 
nonvegetarians, 65*2 gms.
(p<0.05 ).
kept In the prenatal period,
the
and 86.7 gms. respectively, 
The nonvegetarians consumed an average of 154 mg.
more cholesterol and 4*7 gms. more saturated fat than
vegetarians, but these differences were not statistically 
significant. The calculated amounts of dietary linoleic 
acid, fiber, and Kcal. were very similar for both groups.
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Table 5 • Average Dietary Intake of Lactating Women in 







Saturated Pat Kcal %
Linoleic Acid (g)
Linoleic Acid Kcal $ 
Cholesterol (mg)






















Protein Kcal $ 
Fiber (g)
Fiber (g/lOOKcal)
1 9-8 23.9 **
3.0 4.5
5.0 1 .2 4.3 1.5
0.28 0.07 0.22 0.08
* p<0.05
** p<0.01
The lactating women repeated the 3 bay diet diary at 
one month postpartum, and as was anticipated, the calculated
means were very similar to those of the prenatal diet, 
(Table 5). The protein intake during this period was 69.8 
for the vegetarians and 91*8 gms. 
nonvegetarians, (p<0.01). The percentage of fat recorded 
failed to retain the significant difference found in the
for thegms.
prenatal dietaries. During this period a slight difference 
surfaced in the percentage of Kcal. from linoleic acid, the




The analysis of breast milk samples obtained is 
reported elsewhere, (Appendix E). Briefly, the results 
indicated that a larger proportion of linoleic acid 
comprised the milk fatty acids from the vegetarian group but
no differences surfaced in the cholesterol content or total
fat content.
Cholesterol Concentration at Birth
The total cholesterol concentration of the cord blood
was slightly greater among the vegetarian group as was the 
amount of HDL-cholesterol, but the variance did not prove to 
be statistically significant, (Figure 1). The vegetarians 
(n=10), averaged 68.2+13-2 mg/dl. 
cholesterol, compared to 59•9+8.7 mg/dl. for the 
nonvegetarians (n=53), (p<0.09)»
HDL-cholesterol averaged 27-9 mg/dl. for the 
vegetarian group with a standard deviation of 10.4 mg/dl., 
and 22.8 mg/dl., with a standard deviation of 8.7 mg/dl. 






























































(25) had determined 63*8 mg/dl.+18.7G-lueck et al. as
the average concentration of plasma cholesterol in 1800
unselected births, and 31*5+10.5 mg/dl. as the average
plasma HDL-cholesterol concentration. While the total cord
cholesterol means from the two studies in goodare
agreement, the mean HDL-Cholesterol value was found to be
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Figure 1. Comparison of Cord Plasma Cholesterol and 
HDL-Cholesterol in Infant Study Croup.
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A positive correlation (r=0.65) was obtained between
total plasma cholesterol and HDL-cholesterol in cord plasma,
(p<0.01 ). (45) hadIn favorable agreement, G-lueck et al.
also discerned positive correlation betweena
HDL-cholesterol and total cholesterol in cord blood
( r=0.63 ).
The values representing 
cholesterol in the HDL fraction were nearly equal, the 
vegetarians averaging 39-4^ and the nonvegetarians averaged 
38.4^.
approximately 50$ of total cholesterol, (40,42).
Prenatal diet was not found to be a good predictor of 
the amount of cholesterol in cord blood, (Table 7). Only 
two maternal dietary components were correlated with cord
grams of protein (r=0.330) and grams of 
linoleic acid (r=-0.346), and those were only significant 
relationships at the 90$ confidence level.
Birth weight was not found to be related to the total 
cord plasma cholesterol (r=0.236) as had been previously 
seen, (Spellacy et al. 32).
the proportion ofmean
Again this was lower than expected values of
cholesterol,
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Table 7* Correlation Coefficient between Prenatal Diet 
(Third Trimester) and Umbilical Cord Cholesterol
Prenatal Diet (N=31) 
Kcal
Pat Kcal io 
Saturated Pat (g) 
Saturated Pat Kcal $ 
Linoleic Acid (g) 






















* Pearson product moment 
** p<0.10
No clear trends were disclosed by the measurement of 
the mother's plasma cholesterol. The range of cholesterol
concentration for the vegetarian women ran from 164 mg/dl. 
to 214 mg/dl., with a mean of 186 mg/dl. The nonvegetarians
averaged 200 mg/dl., with a range of 138 mg/dl. to 257 
mg/dl. (p<0.24). A larger difference between the two 
groups was probably not seen because of the known lipidemic 
effect of pregnancy, even among populations with very low 
intakes of fat and cholesterol, (Connor et al. 1).
The amount of HDL-cholesterol was very similar between 
The vegetarians averaged 41.5+6.3 mg/dl. 
and the nonvegetarians averaged 42.0+10.8 mg/dl. The range 
for the vegetarian women ran from 33 to 49 mg/dl. and the
the two groups.
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range for the nonvegetarian women ran from 24 to 60 mg/dl.
The mean proportion of HDL-cholesterol to total cholesterol 
was 23$ for the vegetarians women and 21.8$ for 
nonvegetarians, (p<0.65)* These proportions were not unlike 
those of G-illett et al. (39)> and Connor et al. (1) who
the
found the percentage of cholesterol in the HDL fraction to 
average 20.0$ and 19$ respectively during the third
trimester of pregnancy.
One Month Cholesterol
At the one month follow-up examination the infant’s 
plasma cholesterol samples were compared according to the 
type of feeding practice employed. The bottle-fed infants 
receiving commmercial formula displayed the lowest plasma 
cholesterol values averaging 104*7+15*6 mg/dl., (n=9)* That 
mean was significantly less than the 129*9+28.7 mg/dl. mean 
calculated from the results of testing the nonvegetarian 
breast-fed infants (n=29)> (p<0.05)* The infants from the
vegetarian women, (n=9), had a plasma cholesterol mean of 
117*8+16.9 mg/dl. 
groups and was not significantly different than either 
group. In comparison, Goalwin and Pomeranze (49) calculated
which was between the two aforementioned
an average serum cholesterol at four weeks of age for
breast-fed infants as 123 mg/dl., and formula-fed as 99 
mg/dl. Poman et al.(78) reported the mean for breast-fed 
infants in Iowa at 28 days old as 140+23 mg/dl. for males
53
and 142+30 mg/dl. 
112+18 mg/di.
for females. Bottle-fed infants averaged
for males and 122 +22 mg/dl. for females.
Considering only the hreast-fed infants in this study,
no relationship was found Between the infant’s weight and 
total plasma cholesterol concentration at one month of age, 
(r=0.172).
















Nonvegetarian Mothers 9 39 34 104.7 15.6 *
* Significant difference Between these two groups.
Maternal diet during lactation was not a good predictor 
of the infant’s plasma cholesterol, with only one dietary 
factor demonstrating a relationship, and again only at the 
90.0$ confidence level. The grams of protein eaten retained 
a positive relationship (0.328), with the infant's plasma 
cholesterol, as was the case with the prenatal diet and cord 
plasma cholesterol.
The repetition of this finding increases the validity 
of the relationship Between maternal dietary protein 
consumption and the infant’s plasma cholesterol. This is a
somewhat puzzling result which may indicate that most of the
54
women consuming large amounts of protein are consuming that 
protein in the form of meat and dairy products. Those women 
could also have more stearic acid, for instance, and less
linoleic acid in their breast milk as was shown to be the
case in a comparison of omnivore women to total vegetarian 
women, (Sanders et al. 14).
A slight negative relationship was seen between the P/S
ratio of the milk and the infant's one month cholesterol
(r=-0.272), but the sample size was not large enough to 
prove the reliability of this finding. The proportion of
linoleic acid in the milk and the one month cholesterol
values were even less related (r=-0.226).
Table 9* Correlation Coefficient between Maternal Diet 
(One Month Postpartum) and Infant's Plasma 
Cholesterol.
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Linoleic Acid (g)





















* Pearson product moment 
** p<0.10
55
7 to 11 Month Cholesterol
At the 7 to 11 month reexamination, 6 of the 7
vegetarian infants were consuming other foods besides breast
milk as were all 8 of the nonvegetarian breast-fed infants
examined. No differences were detected between the two
groups which averaged 155 mg/dl. for the vegetarians and 
166 mg/dl. for the nonvegetarians, 
comparable to the 162 mg/dl. 
determined for 51 infants 6 to 10 months of age, noting the 
10th percentile of the population to be 129 mg/dl. and the 
90th percentile as 215 mg/dl.
These results are
(52)mean Anderson et al.
Table 10. Correlation of Cord Plasma Cholesterol with 
Subsequent Plasma Cholesterol at One Month and 
















* Pearson moment correlation coefficient
The cord blood cholesterol did not prove to be a good 
predictor of the infant’s subsequent cholesterol
concentration, even when broken down by feeding method, 
(Table 10). In view of the rather mediocre success other
researchers have experienced performing this same test, 
(Darmady et al. 27) (Potter and Nestel 28), the diagnostic 




Grovrth as measured by length, weight and head
circumference progressed normally on the different feeding 
regimens, (Table 11). Looking at only the breast-fed
infants at the 7 to 11 month examination, the vegetarian 
infants (N=7) averaged in the 49th percentile of length for
age, the 36th percentile of weight for age and the 61th
percentile of head circumference for age. The nonvegetarian 
(N = 1 1 ) infants were not significantly different, averaging 
in the 49th percentile for length, the 35th percentile for 
weight and the 40th percentile for head circumference.
Table 11. Anthropometric Measurements at Birth and 







Non Veg Breast 
Formula
9 51 • 1 
51 .1 
50.3
2.0 9 55-4 2.0
20 2.3 19 55.9
54.6
1 .8
12 2.3 8 1 .7
Weight (gms.)
Veg. Breast 






20 501 19 4703 557
12 535 8 4331 283
Head Circum. (cm.) 
Veg. Breast 









20 1.5 19 1 .1 
0.911 1 -9 8
SUMMARY
The effect of a lacto-ovo-vegetarian diet on the
infant's plasma cholesterol at birth and during the nursing 
period was considered in the present study.
At birth, blood totalcord cholesterol and
HDL-cholesterol were similar for both the vegetarian infant
group and the nonvegetarian infant group.
As reported in earlier studies, the group receiving
commercial formula had the lowest plasma cholesterol
concentrations, which was lower than the breast-fed
nonvegetarian group but not significantly different than 
the breast-fed vegetarian group. Past studies have always
concluded that human milk elevated cholesterol more than
commercial formula due to the greater quantity of
polyunsatuarated fat in the formula and absence of
cholesterol. A possible explanation for 
finding is that, as was determined by the breast milk 
analysis, the vegetarian women were producing milk with a 
higher proportion of unsaturated fatty acids than the
this unusual
nonvegetarian women.
The only specific maternal dietary factor which
demonstrated a relationship with the infant's cholesterol
concentration was the quantity of protein eaten. This
occurred with the prenatal diet and the cord blood , and the
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STUDY OF INFANT DIET 
Consenc Form
I understand that I am being asked to participate in a study designed to determine if 
the type of fat in an infant's diet has an effect on blood lipid levels, growth, dev­
elopment, personality, and general health.
As a member of this group I understand that:
1. A small sample of my blood will be drawn for lipid analysis (fat content) at 
the time of delivery.
2. Umbilical cord blood will also be analyzed in this study. This blood is rou­
tinely taken at delivery from the placental side of the umbilical cord.
3. At the baby's one month and six months follow-up visits a developmental and 
personality test will be given, height, weight, and head circumference measured, 
and a small sample of blood collected.
4. The results of the tests may be communicated to the infant's pediatrician at 
the mother's request.
5. I will complete a 72-hour prenatal dietary history.
I am also being asked to keep a diary listing the baby's age in weeks when a new food 
is added to his diet. This is to be given to the researcher at the baby's six month 
visit.
I understand that there is a minimal risk to the process of drawing blood (there is 
no risk in obtaining umbilical cord blood). There also may be very slight discomfort 
in obtaining samples of breast milk.
At the end of this study, I will profit by knowledge of my nutritional status and that 
of my baby. The results of the general health evaluation will be explained to me or 
the physician of my choice, if desired.
I understand that the publication of data obtained from this investigation will not 
disclose the identity of either myself or my baby.
I have been given the opportunity to ask questions regarding the contemplated proced­
ures and have received satisfactory answers to all such questions. It has been ex­
plained to me that I may withdraw my consent at any time without prejudice to me or 
my baby.
In consideration of the above, I give my free and voluntary consent to participate 
in the proiect described above under the supervision of Dr. Mary Gandy. I am free 
to contact the researchers, Laura Ball, or Diana Hernandez: at 796-7311, extension 






STUDY OF INFANT DIET 
Consenc Form
I understand that I am being asked to participate in a study designed to determine if 
the type of fat in an infant's diet has an effect on blood lipid levels, growth, dev­
elopment, personality, and general health.
As a member of this group I will:
Give a sample of my breast milk after delivery during my hospital stay and 
again at 1 month.
Complete a 72-hour dietary record prior to the collection of breast milk. 





1. A small sample of my blood will be drawn for lipid analysis (fat consent) at 
the time of delivery
2. Umbilical cord blood will also be analyzed in this study. This blood is rou­
tinely taken at delivery from the placental side of the umbilical cord.
3. At the baby’s one month and six month follow-up visits a developmental and per­
sonality test will be given, height, weight, and head .circumference measured, 
and a small sample of blood collected.
4. The results of the tests may be communicated to the infant's pediatrician at 
the mother's request.
Complete a 72-hour prenatal dietary history.
I am also being asked to keep a diary listing the baby's age in weeks when a new food 
is added to his diet. This is to be given to the researcher at the baby's six month 
visit.
I understand that there is a minimal risk to the process of drawing blood (there is 
no risk in obtaining umbilical cord blood). There also may be very slight discomfort 
in obtaining samples of breast milk.
At the end of this study, I will profit by knowledge of my nutritional status and that 
of my baby. The results of the general health evaluation will be explained to me or 
the physician of my choice, if desired.
I understand that the publication of data obtained from this investigation will not 
disclose the identity of either myself or my baby.
I have been given the opportunity to ask questions regarding the contemplated proced­
ures and have received satisfactory answers to all such questions. It has been ex­
plained to me that I may withdraw my consent at any time without prejudice to me or 
my baby.
In consideration of the above, I give my free and voluntary consent to participate in 
the project described above under the supervision of Dr, Mary Gandy. I am free to 
contact the researchers, Laura Ball, or Diana Hernandez at 796-7311, extension 3761, 







Please indicate in the blank how many times per DAY you use the following foods. 




- 2. Low-fat (2%)_______
3. Non-fat or buttermilk_______
4. Other: yogurt, plain_______
yogurt, fruit flavored
6. Cream or half/half (tbsp.)___
26. Other fresh fruit_______
27. Canned/frozen, sweetened (/a c.)_
2S. Canned/frozen, unsweetened (Kz c.)_ 
29. Dried fruit (raisins 2 tbsp., dates 2)
5. VEGETABLES:
30. Raw salads (&-1 c.)_______
31. Avocado (&)_______
32. Cooked green leafy (/z c.)
(kale, broccoli, coilards)
33. Other cooked veg. (7z c.)_
34. Potatoes (3/4 c.)
BEVERAGES:
7. Citrus juice (& c.)_ 
S. Tomato juice (& c.)
OTHER JUICES (apple, grape, etc.):
9. Sweetened (7z c.)_______
10. Unsweetened (Kz c.)_______
11. Lemonade/punch (S oz.)_______
12. Cola drinks (12 oz.)_______.
13. Diet (cola (12 oz.)_______
14. Soft drinks (non-cola, 12 oz) ---- .
15. Diet drinks (non-cola, 12 oz.)_______
16. Coffee (cups) _______
17. Tea (cups)_______ #
IS. Sanka, postum, herb tea (cups) ------^
19. Cocoa (cups) _______
20. Beer (12 oz.) _ _____ _
21. Wine (4 oz., sweet)_______
22. Wine (4 oz., dry)_______
23. Other alcohol (1ft oz.)
FATS:
35. Butter (pat) ______ _
36. Margarine (pat ) -
37. Mayonnaise (tbsp.)_______
38. Salad dressing (tbsp.)_____
39. Sour cream (tbsp.)_______
40. Fried foods (eggs, potatoes,
meat, etc.)_______
BREAD:
41. White (slices )_____
42. Whole wheat (slices)
43. Hot bread (rolls)___
44. Tortillas, corn/flour
FRUITS:
24. Citrus (1 med.) _
25. Tomato (1 med.)
TOAppendix B (Continued)
Please indicate in the blank how many times per WEEK you use the following foods. 
(If less than one, indicate how many times per MONTH.)
PER WEEK
PROTEIN:
45. Beef (3 02.)_______
46. Chicken or turkey (3 oz.)_____
47. Lamb (3 02.)_______
48. Pork (3 oz.)_______
49. Bacon (2 slices)_______
50. Organ meats (3 02.)_______
(liver, brains, kidney, etc.)
51. Shellfish (3 02.)_______
52. Tuna/other fish (3 oz.)_______
53. Other meats: hot dog (1)_____
54. Bologna, other cold cuts (1 02.)
55. Meat analogs (3 oz.)_______
56. Dry beans/peas (cooked 1 c.)_
57. Cheese (1 oz. slice)_______
53. Cottage cheese {'A c.)_______
59. Egg (1 large)_______
60. Nuts/seeds (ail types) (12 nuts)
61. Peanut butter (1 tbsp.)_______
DESSERTS:
74. Cake/brownie (pieces per week)
75. Pie (pieces per week)_______
76. Cookies (2)_______
77. Jello 06 c.)_______
78. Pudding {Vi c.)_______
79. Ice cream (& c.)_______
80. Sherbet (Yz c.)_______
81. Doughnut/sweet rolls (1)______
82. Candy (chocolate, bars)_______
83. Candy (hard)_______
84. Milk shake/malt (16 oz.)
MISCELLANEOUS:
85. Soups (veg, cream, protein) (1 c.)___
86. Pizza (pieces per week)_______
87. Chips, corn or potato (10)_______
88. Popcorn (1 c.)_______
89. Cream cheese (1 tbsp.)_______
90. Jam/jeliy/syrup (i tbsp.) ______
91. Sugar/honey (1 tsp.) (added to coffee,
cereal, etc.)_______
92. Chili sauce_______
93. Catsup (1 tbsp.)_______
94. Pickle or relish_______
95. Chewing gum (1 stick)_______
96. Gravy (2 tbsp.)_______
CEREALS:
62. Whole grain, cooked (Yz c.)_______
63. Other, cooked (Yz c.)_______
. 64. Ready to Eat: sugar-frosted (3/4 c.)
65. Non-sugar frosted (3/4 c.)______
66. Granola (Yz c.)_______
67. Bran (2 tbsp.)_______
68. Rice, brown (Yz c.)_______
69. Rice, white (Yz c.)_______
70. Macaroni, spaghetti, noodles (Yz c.)
71. Pancakes (3), waffles (3-inch)_____
72. Crackers (4)_______












Fat % of Milk 5.4 + 2.0 6.1 + 2.0
Linoleate % of 
Fatty Acids 24.4 + 5.4 17.5 + 5.7*
P/S Ratio of 
Fatty Acids 0.76 + 0.25 0.42 + 0.17*
Cholesterol 
(mg/dl) 18.7 + 7.5 16.5 + 5.2
* p > 0.0003
This data is a summary of breast milk analyses reported 





#1* n* #3* #4* #5* #6* #7* #8* If 9*
NUTRITION HISTORY
Choi, (mg) 132 192 122 77 547 135 107 218 245
16 25 12 14 68 16 1611 28Sat. Fat (g)
16 13 12 67 15 7 63Fiber (g)
5 4 15 8 10 14 6 10 8Sugar (tsp)
2347 2564 2045 1570 3223 2886 1428 1959 2156Kcal
PRENATAL DIARY
Choi, (mg) 489NO 177 275 125NO NO 184NO
Fat Kcal % 36 30 29 28 31
Sat. Fat (g) 37 18 27 22 23
Linoleate (g) 3 1411 8 6
Protein (g) 80 42 73 76 55
Fiber (g) 6 4 4 5 4
Kcal 1989 1461 2701 1925 1569
LACTATION DIARY
Choi, (mg) 554NO 307 145 409 293 259 408 D
Fat Kcal % 41 39 29 2637 33 33
Sat. Fat (g) 36 26 20 49 18 28 18
Linoleate (g) 15 611 7 5 4 7
Protein (g) 32 65 42 99 63 88 74
Fiber (g) 4 47 5 3 5 7




#10 #11 #13#12 #14 #15 #16 #17 #18
NUTRITION HISTORY
Choi, (mg) 255 369 432 364118 399 329380 380
Sat. Fat (g) 15 31 29 11 32 38 26 29 37
Fiber (g) 7 13 16 6 10 8 8 10 10
Sugar (tsp) 5 46 6 4323 23 28 1211
Real 1804 3025 2125 26561570 3200 2594 22692773
PRENATAL DIARY
Choi, (mg) 267 140 412600 231 272 *02 301 270
Fat Real % 25 30 39 29 34 32 51 36 28
Sat. Fat (g) 14 19 48 1632 33 18 25 29
Linoleate (g) 7 3 12 5 4 14 7 10 8
Protein (g) 71 58 113 89 54 90 38 92 98
Fiber (g) 4 41 6 2 2 61 7
Real 12601358 2589 2194 1055 1658 790 1659 2326
LACTATION DIARY
Choi, (mg) 303 246 606 376 250 405B 475B
Fat Real % 32 42 43 33 30 41 45
Sat. Fat (g) 3421 50 37 28 41 39
Linoleate (g) 4 8 6 13 8 9 16
Protein (g) 54 90 109 115 65 96 85
Fiber (g) 43 63 5 5 4




#23 #24 #25 #26 #27#20* #21 #22#19
NUTRITION HISTORY
187457 222Choi, (mg) 229 585296 254316 392
2252 48Sat. Fat (g) 34 23 27 3928 30
9 5Fiber (g) 95 3 85 9 8
26Sugar (tsp) 38 1915 18 30 38 11
21132483 2861 3276 31521909 2399 2019 1915Real
PRENATAL DIARY
202486 555Choi, (mg) 148 378140 170510 309
3349 28 3326 31Fat Real % 36 26 30
2623Sat. Fat (g) 24 28 1826 30 22 28
65 3Linoleate (g) 
Protein (g)
8 9 2610 11
44 68 10886 4959 11186 109
21 1Fiber (g) 4 5 2 393
16591328 147728141666 2146 1503 2569 1102Real
LACTATION DIARY
657 248Choi, (mg) 543 553 518229 291 BB
39 41 33Fat Real % 48 35 3835
4338 33Sat. Fat (g) 34 48 4229
4 12 7Linoleate (g) 9 175 17
95Protein (g) 83 8246 81 13382
Fiber (g) 5 35 4 33 5




#29 #30 #34 #36#28 #31 #32 #33 #35
NUTRITION HISTORY
Choi, (mg) 568326 618 534 827450 638 252 529
Sat. Fat (g) 5636 42 43 43 6523 19 53
Fiber (g) 86 6 6 10 12 223 15
Sugar (tsp) 4 42 486 5 29 13 32 31
37592097 2666 2432 3647 4075 52322146 1578Kcal
PRENATAL DIARY
Choi, (mg) 456 441 484802 357512 NO NO NO
Fat Kcal % 54 26 28 39 39 40
Sat. Fat (g) 67 51 333333 17
Linoleate (g) 14 15 1010 11 7
Protein (g) 116 76 90 9597 91
Fiber (g) 67 8 13 1013
2236 1869Kcal 3484 1890 1828 2997
LACTATION DIARY
Choi, (mg) 144 452 548400 338 277 454B B
44Fat Kcal % 58 40 19 18 35 38
Sat. Fat (g) 4469 52 15 3319 13
Linoleate (g) 10 2 5 711 7 11
Protein (g) 76 9097 54 93 100 113
Fiber (g) 6 6 34 8 3 3







835154 22594556 21Sat. Fat (g) 31
10910174 67Fiber (g) 1130
9525101145 1Sugar (tsp) 14 31
46813685142738842238 27353774 22222935Real
PRENATAL DIARY
NO255 NO NO806161561 NOChoi, (mg) 448
47414730 37Fat Real %
374335Sat. Fat (g) 3929
21618Linoleate (g) 159
739038Protein (g) 80 112










B = Bottle-Fed InfantD = Discontinued ParticipationNO * Not Obtained 
* = Lacto-ovo-vegetarian
(The participant #20 was a lacto-ovo-vegetarian throughout most of her life, but did consume 
meat at times during her pregnancy. After delivery she returned to a vegetarian diet. Only 




Maternal Cord Infant Cholesterol 
1-MonthSubject CHOL HDL-CHOL CHOL 7-11 MonthsHDL-CHOL
1 168 47 97 44 118 168
2 205 36 67 19 89 208
3 189 62 17033 27 135
4 164 34 12440 78 90
5 13453 19 115Sample Destroyed
6 46176 52 1791 ml 133
7 165 46 60 24 123 D
8 214 2635 68 101 D
9 43Not Obtained 73 D D
10 206 50 72 15 D D
11 103 142Consumed Meat
Non-vegetarian:
12 205 6953 26 97 128
13 138 63 15457 18 109
14 217 40 74 22 185 N.O.
15 214 14233 • 83 1551 ml
16 34 66172 88 20122
17 175 56 15951 25 N.O.
18 264 27 53 20 156131
19 60227 52 190 15732
20 257 2629 62 130 N.O.
21 83 52 151 190N.O. N.O
22 N.O.184 40 64 26 140





1-Month 7-11 MonthsSubject CHOL HDL-CHOL CHOL HDL-CHOL
24 164 28 65 31 140 D
25 140 25 58 19 96 D
26 169 30 59 1 ml 134 D
27 182 45 45 19 124 D
28 N.O. N.O. N.O. N.O. 128 D
29 234 1 ml 61 1 ml 114 D
30 201 46 62 17 95 D
31 246 1 ml 63 31 99 D
32 227 * 55 58 1 ml D D
33 193 34 59 14 D D
34 N.O. 61N.O. 18 D D
Bottle-fed Infants:
35 245 44 66 83 1311 ml
36 174 41 39 6 97 N.O.
37 36 66175 27 103 N.O.
38 169 48 142131N.O. N.O.
39 171 59 60 27 103 D
40 44 51 95201 13 D
41 225 40 95N.O. N.O. D
42 106177 44 65 28 D
43 10448 17N.O. DN.O.
44 186 42 61 17 DD
45 225 55 50 29 D D
46 217 38 N.O. DN.O. D
















36.3441654.66 49.5 3345 33.3
38.2483455.935.052.1 35277
35.8442354.334.539988 52.5
35.5 D54.6 4125 D D9









54.6 4876 38.535.319 51.4 3400
38.2511758.035.5432320 54.5































D34.8 DD40 48.5 3309
36.3 DD D425241 51.0
D34.8 DD42 357250.8
Subjects 1 - 11 are lacto-ovo-vegetarians.
